[Abstract] The neuromuscular junction (NMJ) is the specialized synapse by which peripheral motor neurons innervate muscle fibers and control skeletal muscle contraction. The NMJ is the target of several xenobiotics, including chemicals, plant, animal and bacterial toxins, as well as of autoantibodies raised against NMJ antigens. Depending on their biochemical nature, the site they target (either the nerve or the muscle) and their mechanism of action, substances affecting NMJ produce very specific alterations of neuromuscular functionality.
The 'mouse phrenic nerve hemidiaphragm assay' (MPN) is an established model to study ex vivo NMJ function and offers a valuable tool to investigate the mechanism of action of toxins and molecules that produce NMJ alteration. In addition, MPN can be used to evaluate skeletal muscle contractility and measure diaphragmatic muscle force elicited by electrical stimulation of its phrenic nerve, so providing a model which recapitulates the complexity of the neuromuscular system in a more accessible and isolated environment.
The MPN provided fundamental insights to tackle the mechanism of action of Botulinum Neurotoxins 
2015)
, or to measure muscle force in diaphragms from mice pre-treated with autoantibodies involved in myasthenic syndromes (Klooster et al., 2012) or from animal models of neuromuscular diseases (Nascimento et al., 2014) .
Here, we describe a very detailed protocol to successfully dissect the mouse diaphragmatic muscle with both the phrenic nerves completely functional. This is a remarkable advantage as it allows obtaining two autonomously innervated hemidiaphragms to be independently used, either as an internal control or to increment the number of experimental data. The small volume of muscle bath-chambers, the possibility of finely control bath concentration of substances used, the easy manipulability of experimental conditions (temperature, washes, etc.) and the possibility to use the muscles for further analysis (immunofluorescence, Western blot, etc.), represent significant advantages as well. 2. Switch on all the components of the setup and run Labscribe software (see Figure 1 ). 3. Remove pectoral muscles to expose the rib cage.
Materials and Reagents
4. Hold firmly the lower extremity of the sternum with a clamp, and make a central cut on it, approximately at the level of the second rib; keep on cutting the right and left side of the rib cage to get the diaphragm exposed (see Figure 2A) .
Note: While cutting, do not follow the course of the ribs, but chop them.
5.
Completely remove the superior part of the rib cage (see Figure 2B ).
Figure 2. Rib cage opening for diaphragm explantation
6. Gently, move away the heart and the pulmonary lobes to spot the left phrenic nerve (it forms a white arch, see Figure 3A ). Using forceps, insert the cotton thread under the nerve, in the upper part and make two knots. Carefully, cut the nerve behind the knots; holding the thread (avoid excessive stretching which may cause nerve damage), isolate the nerve removing adherent tissue as much as possibile; it is advisable to start from the knots and gently proceed toward the diaphragm muscle. A cleared nerve is easier to mount and stimolate, yet this requires carefull handling to avoid nerve stretching or damage, particularly close to the nerve insertion point into the muscle. Gently depose the isolated nerve on the muscle (see Figures   3B and 3C ). Repeat these operations for the right phrenic nerve. Be careful: the right nerve is very close to blood vessels whose damage may lead to annoying hemorrhages (see Figures   3D and 3E ). The result of these steps is shown in Figure 3F . whole diaphragmatic muscle area.
7. Hold the diaphragm using the lower part of the sternum, to avoid damage of muscle fibers;
remove the connective tissue adhering the abdominal side of the diaphragm (arrow in Figure   4A ). Explant the diaphragm by cutting the dorsal part of the muscle (arrow in Figure 4B ). 9. Split the whole muscle into two hemidiaphragms, each innervated by its own phrenic nerve, by cutting along the dotted lines shown in Figure 5A and discarding the central wedge with the sternum attachment. The result of this processing is two triangles, one of which is shown in Figure 5B .
Note: With the present dissection procedure, two hemidiaphragms are obtained allowing two parallel but independent analyses, which is a remarkable advantage.
10. Tie a cotton thread at the apex of the triangle to connect the preparation to the transducer, making double knots without drilling the tissue. Use the ribs at the base of the triangle to secure the preparation to the support: drill the tissue between the ribs, pass a cotton thread and make a double knot around the lower rib ( Figure 5B ). Position the support and tie the base of the triangle via a double knot around the holder ( Figure 5C ). Note: In these conditions, a hemidiaphragm muscle preparation can twitch at least 4 h.
5
. If the muscle contracts properly, adjust the optimal tension for twitch response using the screw positioner. Slowly increase the muscle tension repeated times, alternating with 10-15 min periods of muscle stabilization, until, incrementing the resting tension, twitch amplitude does not increase any more. An optimal resting tension is around 0.3 V.
6. Let muscle twitch stabilize for further 20 min at 37 °C before starting the experiment or before adding a treatment. 
Data analysis
1. Twitch amplitude is calculated as the difference between the tension peak value after stimulation (an in Figure 7 ) and the average basal tension before stimulus (mean value of resting tension in the time interval bn in Figure 7 ). This value, in standard conditions, is maintained for at least 4 h. 
